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We present the theoretical results on the forward Λb production in pp collisions obtained
within the soft QCD, namely the quark gluon string model, at LHC energies. It can give
us useful information on the Regge trajectories of the (bb¯) mesons. An opportunity to find
the information on the intrinsic charm and bottom in the proton from the analysis of the
forward heavy flavour hadron production in pp collisions is discussed.
1 Introduction
As is well known, there are successful phenomenological approaches for describing the soft
hadron-nucleon, hadron-nucleus and nucleus-nucleus interactions at high energies based on
the Regge theory and the 1/N expansion in QCD, for example the quark-gluon string model
(QGSM) [1]. and the dual parton model (DPM) [2]. The main components of the QGSM and
the DPM are the quark distributions in a hadron and the the fragmentation functions (FF)
describing quark fragmentation into hadrons. These are expressed in terms of intercepts of
the Regge trajectories αR(0). The largest uncertainty in the calculations of the cross sections
for the yields of heavy flavours in these models is mainly due to the absence of any reliable
information on the transfer t dependence of the Regge trajectories of heavy quarkonia (QQ¯).
Assuming linearity of the (QQ¯) trajectories, the intercepts turn out to be low, αψ(0) = −2.2,
αΥ(0) = −8,−16, and so the contribution of the peripheral mechanism decreases very rapidly
with increasing quark mass, Accordingly, the finding of the t-dependence for α(QQ¯)(t) in the
region 0 ≤ t ≤ M2
(QQ¯)
and estimations of their intercepts become especially important. In
this paper we present the results on the beauty baryon production, in particular Λb, in pp
collisions at LHC energies and small pt within the QGSM to find the information on the Regge
trajectories of the bottom (bb¯) mesons and the fragmentation functions (FF) of all the quarks
and diquarks to this baryon.
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Figure 1: The one-cylinder graph (left) and the multicylinder graph (right) for the inclusive
pp→ hX process.
2 General formalism
The general form for the invariant inclusive hadron spectrum within the QGSM is [1, 2]
E
dσ
d3p
≡ 2E
∗
pi
√
s
dσ
dxdp2t
=
∞∑
n=1
σn(s)φn(x, pt) , (1)
where E,p are the energy and the three-momentum of the produced hadron h in the laboratory
system (l.s.); E∗, s are the energy of h and the square of the initial energy in the c.m.s of pp;
x, pt are the Feynman variable and the transverse momentum of h; σn is the cross section
for production of the n-Pomeron chain (or 2n quark-antiquark strings) decaying into hadrons,
calculated within the quasi-“eikonal approximation” [3]; n = 1 corresponds to the left graph of
Fig.1, whereas n > 1 corresponds to the right graph of Fig.1. Actually, the function φn(x, pt)
is the convolution of the quark (diquark) distributions and the FF, see the details in [1] and
[2, 4].
φppn (x) = F
(n)
qq (x+)F
(n)
qv (x−) + F
(n)
qv (x+)F
(n)
qq (x−) + (2)
2(n− 1)F (n)qs (x+)F
(n)
q¯s (x−) ,
where x± =
1
2 (
√
x2 + x2t ± x) , and
F (n)τ (x±) =
∫ 1
x±
dx1f
(n)
τ (x1)Gτ→h
(
x±
x1
)
, (3)
Here τ means the flavour of the valence (or sea) quark or diquark, f
(n)
τ (x1) is the quark distri-
bution function depending on the longitudinal momentum fraction x1 in the n-Pomeron chain;
Gτ→h(z) = zDτ→h(z), Dτ→h(z) is the FF of a quark (antiquark) or diquark of flavour τ into a
hadron h (charmed or bottom hadron in our case). All the details of the calculation of Eq.(1)
and the interaction function φn(x, pt) can be found in [6, 7].
3 Results and discussion
Fig.2 illustrates the sensitivity of the inclusive spectrum dσ/dx of the produced charmed baryons
Λc to the different values for the intercept αψ(0) of the ψ(cc¯) Regge trajectory. The solid line
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corresponds to αψ(0) = 0, and the dashed curve corresponds to αψ(0) = −2.18. One can see
that there are difference between the R608 [10] and R422[11] experimental data. As is shown
in [7], the R608 data are more adequate to our calculations at αΨ(0) = 0, see the solid line in
Fig.2. Experimentally one can measure the differential cross section dσ/dξpdtpdMJ/Ψ, where
ξp = ∆p/p is the energy loss, tp = (pin − p1)2 is the four-momentum transfer, MJ/Ψ is the
effective mass of the J/Ψ-meson. The detailed predictions on these reactions are presented in
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Figure 2: The differential cross section dσ/dx for the inclusive process pp → ΛcX at
√
s =
62 GeV. The solid line corresponds to αψ(0) = 0, and the dashed curve corresponds to αψ(0) =
−2.18. The open circles correspond to the R608 experiment [10], and the dark circles correspond
to the R422 experiment [11].
[7], where it is shown that all the observables are very sensitive to the value of intercept αΥ(0)
of the Υ(bb¯) Regge trajectory. The upper limit of our results is reached at αΥ(0) = 0, when
this Regge trajectory as a function of the transfer t is nonlinear. Using the hadron detector
at the CMS and the TOTEM one could register the decay Λ0b → J/Ψ Λ0 → µ+µ− pi−p by
detecting two muons and one proton emitted forward. However, the acceptance of the muon
detector is 100 ≤ θµ ≤ 1700 [8], where, according to our calculations, the fraction of this events
is to low. On the other hand, the electromagnetic calorimeter at the CMS is able to measure
the dielectron pairs e+e− in the acceptance about 10 ≤ θe(e+) ≤ 1790 [9]. In Fig.3 the two-
dimensional distribution over Ep and θp for the reaction pp→ ΛbX → J/ΨΛoX → e+e−ppi−X
at
√
s = 10 TeV and 500GeV ≤ Ep ≤ 4TeV , 3mrad ≤ θp ≤ 10mrad. is presented. The rate of
these events is about 0.96 percent (2.85 nb). It increases up to 1.33 percent (3.95 nb) at
√
s = 7
TeV, as is seen in Fig.4. This could be reliable using the TOTEM together with the CMS [12].
The ATLAS is able also to detect e+e− by the electromagnetic calorimeter in the interval
10 ≤ θe(e+) ≤ 1790 [8] and the neutrons emitted forward at the angles θn ≤ 0.1mrad [13]. In
Fig.5 we present the prediction for the reaction pp → ΛbX → J/ΨΛoX → e+e−npi0X , that
could be reliable at the ATLAS experiment. The rate of these events is about 0.015 percent
(45 pb).
The TOTEM [14] together with the CMS might be able to measure the channel Λb →
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J/Ψ Λ0 → e+e− pi−p (the integrated cross-section is about 0.2-0.3 µb at αΥ(0) = 0 and
smaller at αΥ(0) = −8). The T2 and T1 tracking stations of the TOTEM apparatus have their
angular acceptance in the intervals 3mrad < θ < 10mrad (corresponding to 6.5 > η > 5.3) and
18mrad < θ < 90mrad (corresponding to 4.7 > η > 3.1) respectively, and could thus detect
42% of the muons from the J/Ψ decay. In the same angular intervals, 36% of the pi− and 35%
of the protons from the Λ0 decay are expected. According to a very preliminary estimate [12],
protons with energies above 3.4TeV emitted at angles smaller than 0.6mrad could be detected
in the Roman Pot station at 147m from IP5 [14, 12]. In the latter case, the reconstruction
of the proton kinematics may be possible, whereas the trackers T1 and T2 do not provide
any momentum or energy information. Future detailed studies are to establish the full event
topologies with all correlations between the observables in order to assess whether the signal
events can be identified and separated from backgrounds. These investigations should also
include the CMS calorimeters HF and CASTOR which cover the same angular ranges as T1
and T2 respectively [12].
4 Intrinsic charm and bottom in proton
Let us discuss an opportunity to find the information on the distributions of intrinsic charm
and beauty in proton from the analysis of the forward production of heavy flavour baryons
in pp collisions at LHC. Note that all the sea quark distributions in the proton calculated
within the QGSM give the contributions only to the multi-Pomeron graphs at n ≥ 2, see Fig.1
(right), and do not contribute to the one-Pomeron graph (Fig.1(left)), according to Eq.(2). The
one-Pomeron graph results in the main contribution at large values of x because σn decreases
very fast when n increases [3]. Therefore, as our calculations showed recently [5]-[7], the sea
charm and beauty quark distributions, in fact, result in very small contributions to the inclusive
spectra of the charmed and beauty hadrons at different values of x and at not large pt. For
the forward heavy flavour hadron production this contribution is smaller, therefore, we neglect
this. The sea charm and beauty quark distributions are not the same as the distributions of
the intrinsic charm and bottom quarks in the proton, which have the forms like the valence
quark distributions [15, 16]. If we want to include the intrinsic charm and bottom quark
distributions within the QGSM scheme we should include them calculating the one-Pomeron
graph (Fig.1(left)), e.g., at n = 1. It can increase the rates of events for both reactions
pp → ΛbX → e+e−ppi−X and pp → ΛbX → e+e−npi0X when the final proton or neutron
are emitted forward because the one-Pomeron graph (Fig.1(left) results a main contribution
to the Λb spectrum in this kinematics. However, as shown recently [17], the intrinsic charm
in the proton can result in a sizable contribution to the forward charmed meson production.
As is shown in [16], the probability to find the intrinsic charm in the proton is not more than
0.5 percent. However, the probability of the intrinsic bottom in the proton is suppressed by a
factor m2c/m
2
b ≃ 0.1 [18], where mc and mb are the masses of the charmed and bottom quarks.
Therefore, the contribution of the intrinsic bottom in the proton to the discussed reaction can
be suppressed in comparison to the intrinsic charm contribution about ten times. Anyway, it
would be interesting to study this problem more carefully.
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5 Conclusion
We analyzed the production of charmed and beauty baryons in proton-proton collisions at high
energies within soft QCD, namely the quark-gluon string model (QGSM). This approach can
describe rather satisfactorily the charmed baryon production in pp collisions [6, 7]. It allows
us to apply the QGSM to studying the beauty baryon production in pp collisions. We focus
mainly on the analysis of the forward Λb production in pp collisions at LHC energies and got
some predictions which could be reliable at the TOTEM and ATLAS experiments at CERN.
We present the predictions for the reaction pp→ ΛbX → e+e−ppi−X that could be reliable at
the TOTEM together with the CMS, and for the process pp → ΛbX → e+e−npi0X which can
be reliable at the ATLAS experiment using the ZDC. Our predictions using the nonlinear Regge
trajectories of cc¯ and bb¯ mesons can be considered as the upper limit of the QGSM calculations
without the intrinsic charm and bottom in the proton. [14, 12].
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Figure 3: The two-dimensional distribution over θp and Ep in the inclusive process pp →
ΛbX → J/ΨΛoX → e+e−ppi−X at
√
s = 10 TeV at αΥ(0) = 0, when 500GeV ≤ Ep ≤ 4TeV
and 3mrad ≤ θp ≤ 10mrad.. The rate of these events is about 0.96 percent (2.85 nb).
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Figure 4: The two-dimensional distribution over θp and Ep in the inclusive process pp →
ΛbX → J/ΨΛoX → e+e−ppi−X at
√
s = 7 TeV at αΥ(0) = 0, when 500GeV ≤ Ep ≤ 3TeV
and 3mrad ≤ θp ≤ 10mrad.. The rate of these events is about 1.33 percent (3.95 nb).
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Figure 5: The two-dimensional distribution over θn and En in the inclusive process pp →
ΛbX → J/ΨΛoX → e+e−npi0X at
√
s = 10 TeV at αΥ(0) = 0, when θn ≤ 0.1mrad. and
En ≤ 3TeV . The rate of these events is about 0.015 percent (45 pb).
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